University undergraduates at the start of each session reveals a few asymptomatic cases, apparently on the borderline of activity. To stop them working inevitably loses them a year in time, as they must wait for the next session if they are interrupted by more than a few weeks. This disorganizes them as well as the economic use of the limited places in the University. It seems possible that modification of working hours, avoiding violent exercise and chemotherapy, with close frequent supervision may be a reasonably safe corppromise. Springett (1956) has shown that many minimal lesions do not relapse during simple observation and continued work. Black and Poole (1955) observed a number of round foci and found them stable and largely harmless.
The increasing tendency to continue a course of antibiotic drugs for at least a year after clinical quiescence seems most reasonable. When special hazards predispose to relapse more drugs may well be worth while. Respiratory infection and bronchitis are so commonly found immediately preceding a relapse that the winter months may be partly safeguarded by taking drugs if the urban life of a patient makes these dangers likely.
Surgery for pulmonary tuberculosis is mainly indicated for extensive structural changes in the lung, especially when cavities persist, and for nodular lesions.
Resection is most applicable for solid lesions, particularly more than 1 cm. in diameter such as result from the cold abscess (or pyocele), and if containing necrotic material with viable bacilli as described by Medlar (1955) . They must be single or relatively few, and are more hazardous in unco-operative or stupid patients. Radiological appearances should not be an enticement to unnecessary surgery and removing healed safe lesions is not only pointless but may be dangerous. The disease can heal and extensive bilateral disease beyond the scope of resection often has to demonstrate this. Completely healed lesions removed and proved by histology to have been harmless are not infrequently found, and should be a reproach to the choice of surgery. Chronic persistent thick-walled cavities, especially without much disease elsewhere and especially in the lower lobes, are as well resected.
Destroyed lungs, tuberculous bronchiectasis, localized atelectasis and chronic tuberculous pyopneumothorax are better removed.
The failed thoracoplasty, that is failure to obliterate a cavity or secure sputum conversion, is an indication for resection.
Early lesions, especially if small, localized and active, may be removed to shorten the patient's treatment instead of waiting for complete quiescence and the so-called "target point". Intensive antibiotics, of course, accompany and follow the operation.
Thoracoplasty in its various modifications has now been shown to be an effective and safe operation, leaving little functional disability and negligible deformity. Conversion of sputum occurs in a high proportion of cases, e.g. 80% of unselected cases reported by McHale (1949) . In particular, it assists natural healing in situ while medical treatment continues and it can combat more extensive disease in the same lung or in the opposite lung. In fact, improvement of contralateral disease may follow collapse of the major lesion.
Mr. W. P. Cleland: Surgical Management ofPulmonary Tuberculosis My remarks will be confined to patients with pulmonary and bronchial disease. I will consider these aspects under three headings, viz.:
I. The indications for surgical treatment. II. The scope of the investigations required when planning surgical treatment. III. The type of surgery to be employed. L Indications for Surgical Treatment These may be considered under the following headings: (a) Failure of the medical regime.-In the initial stages of treatment one is not justified in withholding any reasonable therapeutic measure. This implies the administration of full doses of the antibiotics combined with bed rest. I see little point in employing intermittent streptomycin during the initial period of treatment and would much prefer that the patient should have daily streptomycin with both PAS and isoniazid until the sensitivities have been determined. A period of between four and six months is generally accepted by the majority as sufficiently long to expect a good response to treatment. One can define, therefore, failure of the medical regime as the persistence of tubercle bacilli in the sputum and the presence of cavitation after four to six months of bed rest and adequate chemotherapy.
(b) Early drug resistance.-The occurrence of organisms resistant to one or more drugs on the first examination is increasing. Sterilization of lesions with prolonged chemotherapy is less likely to occur when the bacilli are resistant. These patients thus present a difficult problem. Owing to the likelihood of resistance to the remaining drugs developing, surgical treatment, if indicated, is often advisable at a relatively early stage in order to have the benefits of an antibiotic cover for the operation.
(c) Residual lesions or sequela which are considered likely to give rise to trouble in the future.-It is this group which arouses the greatest controversy, particularly since the widespread practice of resection. It is in this group also that the benefits of long-term chemotherapy are now being claimed. Residual lesions can be considered under a number of headings: (i) Residual nodules. These, if large, and particularly when solitary (tuberculoma), do not present any real problem. The larger nodules are more likely to break down and less likely to heal firmly by fibrosis than the smaller foci. It is also sometimes difficult to be quite certain about the diagnosis in such cases. Smaller nodules present a more difficult problem, and each individual surgeon and physician has his own criteria for their removal. With the pathological and bacteriological investigations of surgical specimens being undertaken it is honed that a clearer
idea of the indications for removal in relation to long-term chemotherapy will be forthcoming. Stewart et al. (1956) , for instance, have shown that chemotherapy can sterilize both cavities and caseous foci irrespective of their size provided the organisms are sensitive to the drugs and at least twelve months' treatment is given.
(ii) Residual cysts. Large, thinwalled cyst-like cavities are now appearing fairly commonly as a result of long-term chemotherapy. A number of these cysts fill readily with Lipiodol whilst others show no obvious bronchial drainage ( Fig. 1) . Keers et al. (1956) focl of tuberculous disease in the wall of the cyst can be found if an adequate search is made. Further evidence is required in such cases in order to guide one regarding their removal.
(iii) Destroyed lobes. The shrunken bronchiectatic and fibrotic lobe or lung following severe destructive lesions is often secondarily infected and a source of ill-health, and there is little doubt as to the necessity of its removal should conditions permit. The improvement in the patient's general condition, the elimination of cough and sputum and the cessation of haemoptyses is most gratifying. The reduction in the respiratory reserve is negligible in these patients.
(iv) Bronchiectasis. The presence of bronchiectasis in an otherwise aerated lobe constitutes a more difficult problem. I think it is important to distinguish between the relatively minor bronchial dilatations occurring peripherally in relationship to a tuberculous focus and the grosser forms of bronchiectasis involving the whole of a lobar or segmental bronchus.
It is this latter group which we are considering here. In the lower lobe, these lesions are frequently secondarily infected and there is often a clear-cut indication for their removal.
Similar lobar bronchiectasis involving the upper lobes is less likely to give rise to symptoms. Its presence, per se, does not constitute an indication for removal but these lesions sometimes bleed and sometimes produce an intermittently positive sputum, and when such complications occur, there is a good indication for their removal.
(v) Broncho-stenosis. Complete obstruction of a stem bronchus is usually associated with damage and destruction of the lung tissue beyond the obstruction. Such damage alone will usually demand a formal resection. Occasionally a partial stenosis without lung damage is encountered, and if symptoms such as wheezing or attacks of bronchitis are present, then excision of the stricture (sleeve resection) should be undertaken.
(d) Uncertainty about the diagnosis. The incidence of pulmonary tuberculosis in middleaged males has shown a definite increase of recent years. This age group unfortunately carries a high lung cancer risk a risk which is rising with the steady increase in the disease. These factors throw a great responsibility on the chest physician not only to make a positive diagnosis of tuberculosis but to exclude the presence of a cancer. It is imperative to seek bacteriological confirmation by all possible means and until such confirmation is obtained the diagnosis of tuberculosis should be suspect. The problem is particularly acute in those patients, often brought to light by miniature mass radiography, who have solitary rounded lesions. Tomography may provide strong circumstantial evidence in favour of tuberculosis in the presence of calcification or of satellite lesions. The problem is not made any easier by the not infrequent occurrence of cancer and tuberculosis in the same patient. If there is any doubt about the possibility of cancer, a thoracotomy is completely justified. Case I.-J. D., male, aged 47. Admitted to hospital in July 1956 following a mass miniature radiographic finding of a rounded lesion at the right apex (Fig. 2) . Tubercle bacilli were found in a smear from the sputum on one occasion and these were subsequently cultured. Tomography showed an irregular solid focus without cavitation, calcification or obvious satellite lesions (Fig. 3) . He was given PAS and isoniazid for three months but both the straight X-ray and tomographs showed that the lesion was larger. Accordingly thoracotomy was performed and lobectomy carried out. The specimen (Fig. 4 ) showed a carcinoma (squamous cell). There was no evidence of a tuberculous lesion in the operation specimen.
(e) Surgery may be indicated at a relatively early stage in order to reduce the total length of treatment and enable the patient to get back to work with a reasonable degree of certainty at a specific date. It is usually possible to decide fairly accurately how long it will be after an operation before the patient can return to work. Such forecasting is less certain with medical treatment alone and there is always the possibility of having to employ surgical measures at some later date, although here again long-term chemotherapy is altering the picture appreciably.
(f) Patients who have to live abroad under unfavourable conditions can often be rendered more stable and better able to carry on if they have had the advantages of surgical treatment.
IL. Pre-operative Investigations
It is unnecessary to underline the importance of an adequate period of observation and treatment with bed rest and chemotherapy before surgical treatment is contemplated.
There is good evidence to indicate that the success of surgery is enhanced and freedom from complications is increased if a negative sputum is obtained before an operation is carried out. Should such negativity be unobtainable, the advantages of bacterial sensitivity to drugs, and the disadvantage of bacterial resistance with regard to post-operative complications are also well known.
In the planning of an operation, it is becoming more and more important to determine the precise extent and nature of the pathological lesions present. A complete survey of all earlier films, and the use of both lateral and antero-posterior tomographs is well known. From the surgical point of view, lateral tomographs are often of more value than anteroposterior tomographs because they enable an anatomical localization of lesions to be made more accurately.
The value of bronchography and the potential importance of pulmonary-function studies when planning surgery. For the past year or more, I have had bronchograms performed on the majority of patients undergoing surgical treatment and on many occasions have demonstrated the presence of unsuspected bronchial lesions which have materially influenced surgical management. The presence of extensive bronchiectasis in an upper lobe which has residual nodulation or cavities, would strongly support a decision to resect the lobe rather than collapse it. Alternatively, the presence of widespread scattered, and perhaps even mild bronchial dilatation in patients with a localized lesion, would make one favour collapse therapy rather than surgery unless the whole of the involved bronchi could be removed. Case II. A. F., female, aged 30. This patient had a three-year history of pulmonary tuberculosis with bilateral apical disease. In June 1956 she was submitted for surgical treatment because of a recent relapse with a positive sputum. An X-ray ( Fig. 5) There is no obvious cavity. zone with several small cavities. There was infiltration but no cavitation at the right apex. At this stage collapse therapy was contemplated in view of the presence of bilateral disease. Bronchograms (Fig. 6) , however, showed that the whole upper lobe was shrunken and bronchiectatic. Collapse therapy might have given disappointing results in such a case and accordingly an uneventful left upper lobectomy was carried out.
Case III.-G. I., female. This patient was admitted in July 1956 with a consolidated right upper lobe and a positive sputum (Fig. 7) . She responded well to chemotherapy and an X-ray four months later (Fig. 8 ) showed considerable improvement but still a good deal of residual nodular disease though the sputum was negative and tomographs showed no cavitation. Resection was contemplated at this stage but a bronchogram (Fig. 9 ) showed not only gross bronchiectasis in the damaged right upper lobe but extensive bronchiectasis in the middle and lower lobes. Resection would have necessitated the removal of the whole lung which was not considered to be warranted as a prophylactic measure. Accordingly, long-term chemotherapy was instituted and the question of surgical treatment was deferred.
In a number of instances, completely unsuspected bronchiectasis has been demonstrated in the apical lower segment in patients with upper lobe disease where a resection was contemplated. I believe that leaving such a segment in the body, possibly with a raw upper surface, is responsible for some of the post-operative complications. In such cases, the apical lower segment should be removed in addition to the upper lobe, or resection should not be carried out at all.
Bronchography has been entirely safe and there has been no suggestion of spread of disease following its use. It is an investigation which has important bearings on the nature of surgical treatment which is to be carried out.
Pulmonary function studies are, at present, of limited value. The over-all function can be quite accurately determined by simple clinical tests and interrogation.
Bronchospirometry gives valuable information about the difference in function of the two sides, but the method is somewhat limited. The development of methods for determining the function of individual lobes should be of tremendous assistance in the difficult problem cases. Such detailed lung function studies will be of immense value when they can be applied to clinical problems. 
IIL Methods of Surgical Treatment
Most people will agree that the ideal treatment is resection but in varying proportions of cases the ideal treatment cannot be carried out, and alternative methods must be employed because they are safer. Resection has the advantage that it removes the bulk of the disease and it does not interfere with the function of the adjacent normal lung. A surgeon has to aim at removing all the obvious or gross disease, and it is for this reason that fairly complete investigations with tomography and bronchography are required before operation. The risks of complications if much disease is left behind are appreciable and, under these circumstances, many surgeons prefer to carry out some form of collapse therapy. The complications of resection are, on the whole, more serious than those of collapse therapy, and although not common, they carry a much higher mortality and morbidity rate.
The complications concerned are bronchopleural fistulh, empyema and spread of tuberculous disease. These complications are higher amongst the sputum-positive cases and amongst those who have developed bacterial resistance. These complications must always be borne in mind when considering possible surgical therapy. The contra-indications to resection are:
(1) Active or extensive disease on the same or opposite side which would not be included in the resection. (2) Poor respiratory reserve.
(3) The presence of chronic bronchitis, emphysema or asthma. (4) In the elderly. (5) In those with active endobronchitis.
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The alternatives to resection can be considered under the heading of thoracoplasty or one of the modifications, such as Holst thoracoplasty, Bjork thoracoplasty or plombage. The very fact that thoracoplasty, or its modifications, is employed as an alternative to a resection where the latter is contra-indicated, means that it is never really legitimate to compare the results of the two forms of treatment except where such cases can be regarded as truly comparable. The modern chest clinic has wide duties relating to the diagnosis and management of many chest conditions but the following brief remarks are restricted to its activities in relation to pulmonary tuberculosis.
The majority of tuberculous patients and their families can be managed solely from a chest clinic without reference to sanatorium, but an efficient chest clinic must provide, as an integrated whole, preventive, diagnostic and treatment services.
DIAGNOSIS
The prognosis for an individual tuberculous patient varies with the extent of the lesion when first discovered; Springett (1956) has recently confirmed this even for minimal lesions. Still not fully realized, however, is the possibility of rapid spread, particularly in young adults (Fig. IA, B) . Diagnosis at the earliest possible opportunity is thus a vital and self-evident clinical necessity. But prompt diagnosis is equally important administratively because the simple treatment methods that are then effective lead to a minimum of social disturbance. The first duty of a chest clinic, as stressed by Toussaint and Pritchard (1944) , must thus be to provide diagnostic aid to General Practitioners from whom are referred, either directly or via hospitals, by far the largest proportion of new cases of pulmonary-tuberculosis.
To assist early diagnosis a most important addition to ordinary consulting clinics is a freely available chest radiography service for practitioners. Such group radiography is a very sound diagnostic method because it is unusual for disease to pass the early stages without the patient experiencing recognizable symptoms. I find about 25 % of the films are abnormal and a great variety of conditions are revealed (Table I) .
If such a routine radiography service is to be of high standard certain precautions must be taken. In the first place the human error inherent in the reading of all radiographs must be reduced as far as possible so that lesions shall not be missed. This can be attained in part by dual independent reading of the radiographs. In addition there is a proportion of tuberculous lesions the shadows of which are difficult to see because they become involved in those cast by the bony thorax. These can usually be revealed by a lordotic view which also prevents many unnecessary recalls. It is thus a good routine to take two views and to practise their independent dual reading (Stradling and Johnston, 1955) . 10% to 30% of lesions will be missed if this is not done.
A routine radiography service should form a vital part of the National Health Service and be provided in every chest clinic. Prompt diagnosis means easier prevention and simpler treatment. The aim of treatment in a case of tuberculosis is not only the repair of pulmonary damage but rapid return of the patient and his family to social independence: this implies action on a much wider front than pure therapeutics and it is obvious that we must choose that method of treatment which is not only successful but involves the least possible disturbance to family and working life. Logically this implies that part or all of the treatment should be on a domiciliary basis: but it is not necessary to demand too high a standard of the home. Soon after the last war long waiting lists for sanatoria often enforced treatment outside these institutions. The results of such action, even before chemotherapy, equalled those of sanatoria (Stradling, 1951 (Stradling, , 1955 . Now chemotherapy has proved so powerful that a combination of local hospital, domiciliary, and out-patient treatment (for which I have coined the phrase "Clinic Management"), is an entirely acceptable alternative to sanatorium. The scheme is outlined in Fig. 2 . The extent to which such a service can handle the local problem, even without an adequate number of local hospital beds, is indicated in Fig. 3 . I believe such Clinic Management to be the method of choice: apart from monetary saving, the advantages are great. There is continuity of medical treatment so important to both patient and physician. Long separation from the realities of life, so common in sanatoria, is avoided, thus abolishing the need for prolonged rehabilitation. The patient derives comfort and inspiration from the frequent visitors received when he is in the local hospital, and is not separated from his family at all when managed at home or as an out-patient. In short he is happier than in sanatorium. The problem of returning to work is also diminished. The minimal disruption of social life enables the majority of patients to return quite quickly to their previous employment unless this is strikingly unsuitable. In more difficult cases the clinic Almoner (and Disablement Resettlement Officer where necessary) plays a vital part in assisting early re-employment before the patient becomes work-shy.
METHODS OF TREATMENT
Small lesions of rather doubtful or low activity form a special and increasingly important group. 40% of my new cases now have disease involving less than one radiological zone, and during the last five years the proportion of patients presenting with a positive sputum has steadily fallen (72% in 1951; 38% in 1955) .
With such patients, who often feel well, it is of the utmost importance to avoid unnecessary disruption of their normal family life: it is so easy to produce neurosis which is far more troublesome than minimal tuberculosis. One should remember also that there is always a good chance of the patient recovering if his disease were never discovered. The many calcified lesions seen in routine X-ray surveys bear witness to this fact. On the other hand, particularly in the younger age groups and as already shown in Fig. 1 , such lesions can advance in an unpredictable and rapid fashion.
Here then is a group ideally suited to ambulant chemotherapy. It is my practice with these individuals, after taking laryngeal swabs, to start such treatment as a therapeutic trial: often without interrupting their work. If, after some weeks, the lesion is smaller, then it was obviously active and treatment was indicated. But since it has improved, treatment is effective on an ambulant basis and there is no need to change it.
Overtly active disease in a sick patient presents a greater problem and needs a much more comprehensive service than the simple dispensing of drugs to an out.patient.
Nevertheless, on a background of chemotherapy, this can be completely and successfully provided under Clinic Management.
All patients, when enough "clinic" beds are provided, can be treated either in hospital, at home or ambulant, according to social circumstances and disease activity. It is the latter which is often difficult to assess and a valuable biochemical aid, considerably more accurate than the E.S.R., has recently been demonstrated in the albumin/a2-globulin ratio obtained from serum electrophoresis (Gilliland et al., 1956) . This ratio falls progressively as disease becomes more actiVe and correlates well with careful clinical assessment. A fundamental issue in the medical management of tuberculous patients is whether bed rest is any longer essential. The final answer must await a properly organized, statistically valid trial involving larger numbers of patients than can be provided by one clinic area. Nevertheless, my clinical impression is that bed rest is no longer essential for the tuberculous provided they do not feel ill. Some of my patients, treated on an ambulant basis, even with obviously active or cavitating disease, have done so well that I wonder whether those remaining in bed are doing so unnecessarily.
The management of tuberculous patients can thus be undertaken outside sanatoria with chemotherapy replacing bed rest as the basic treatment. But here I would stress the importance of multiple drug treatment. It is my practice to give all three anti-tuberculous drugs in full daily doses until the bacterial sensitivities to them are known; 5% of newly diagnosed and previously untreated patients now excrete bacilli resistant to one or more of the three anti-tuberculosis drugs (Fox et al., 1957) . If thus found suitable, daily streptomycin + isoniazid alone are then usually continued for three to six months before PAS + isoniazid are substituted as a more convenient combination for the trustworthy ambulant patient. Many patients, however, continue daily streptomycin + isoniazid for very much longer, Intermittent drug therapy (particularly one intermittent with thr other continuous) is not employed in view of the risk of resistant bacterial strains emerging. In many units chemotherapy has practically replaced artificial pneumothorax and pneumoperitoneum.-Even advanced cases, usually quite unsuitable for surgery, do remarkably well on prolonged drug treatment alone or in combination with cortico-steroids ( Fig. 4A, B) . 4A, B. -The radiographs of a young woman (R. M.). A, on diagnosis; B, three years later. Desperately ill on diagnosis with tuberculous meningitis in addition to the extensive pulmonary disease, she received daily streptomycin, para-aminosalicylic acid and isoniazid for eighteen months. Although breathless she has been sputum-negative since completing her first three months of treatment and is again managing her home and family.
When suitable facilities are available surgical cases can also be managed well outside sanatorium. Major operations were performed by Mr. Cleland or members of his team on 58 tuberculous patients in my small 27-bedded unit over a recent five-year period. These included 23 resections, 15 thoracoplasties, 25 plombage operations and a small miscellaneous group. No serious complications occurred and only one patient was not quiescent a year after operation.
All surgical treatment is undertaken on a background of continuous chemotherapy which is maintained long after a patient returns to work. But a decision on surgery (now most often resection) is usually reached within three to six months of diagnosis so that work is resumed as soon as possible. Chemotherapy is so successful, however, that I sometimes wonder whether surgery is offered too frequently.
DIFFICULTIES
Two points need special consideration. In the first place there is the danger of infection to contacts if the sputum-positive patient is managed at home. But the preventive work of a chest clinic can be very effective. In the worst cases the danger is overcome by admitting the patient to the local hospital tuberculosis ward from diagnosis until sputum conversion is obtained. During this isolation period BCG is given to the tuberculinnegative contacts. Health Visitors are invaluable in persuading contacts to attend the clinic and in teaching how to avoid infection. Although modern chemotherapy rapidly renders a patient negative, the proper disposal of sputum from the infectious home-bound patient is still of importance and the Miltherex method is probably the best available at present (Stradling, 1953) .
In this way the infectivity of tuberculosis can be very greatly reduced. Support to such a claim is given by the observed drop in the number of cases of active tuberculosis found by contact radiography at Hammersmith during the last few years: 7 5 per thousand films taken in 1951 falling to 1 0 per thousand for 1955. Furthermore during 1952 over half of the 23 contacts notified had developed their disease subsequent to the notification of the index case while in 1955 all of the 6 contacts notified were discovered at their first attendance immediately after the diagnosis of the source case. The great improvement in the contact follow-up picture is probably due partly to the protection afforded by the BCG given to all tuberculin-negative contacts since 1950, and partly to the reduction of infectivity following the wider use of chemotherapy. The lesser drop in the number of contacts notified on first examination is probably a reflection of the earlier diagnosis being obtained. These findings stress the continued vital importance of the first contact examination but justify a more selective attitude to continued contact follow-up.
The most serious criticism that can be levelled at the management of the tuberculous as out-patients is the fact that chemotherapy is not closely supervised. There is the possibility of a patient either taking too small a quantity of a drug (particularly PAS) or of omitting it altogether, thus risking the emergence of resistant strains of tubercle bacilli. Such a criticism is not unique to out-patient therapy, however; to a lesser extent it can also be levelled at hospitals, where it is not always possible to supervise the consumption of every dose of PAS.
But even under Clinic Management much can be done to circumvent the danger. Health Visitors are constantly encouraging the patients to report any difficulties with the drugs instead of deceiving the doctor. Much time is spent on careful explanation to the patients; explanation of the importance of dual drug therapy regimes in obtaining results and preventing relapse. Where there is doubt about the trustworthiness of an individual, isoniazid can be given at the time of a streptomycin injection when the nurse can see that it is swallowed.
To those patients at work the factory medical organizations can be very helpful by undertaking to give daily streptomycin injections or supervising the consumption of cachets. District nurses will often give injections in the evening and it is possible to teach selected patients to give their own streptomycin. Ambulant oral chemotherapy can be offered as cachets or powders containing both PAS and isoniazid in appropriate doses; interruption of treatment then stops both drugs and so minimizes the danger of resistance. Urine tests are also available which reveal the presence of PAS. Some surprising results are obtained with routine urine testing (Simpson, 1956) but to retain the test's validity it is most important that the patients should not know its significance, which can be completely vitiated by a single dose of PAS taken before attending the clinic.
